Introduction
Tobacco is a plant utilized in different ways throughout the world by using leaves of some of the strains of Nicotiana species, such as Nicotiana tabacum and Nicotiana rustica (1) . Habitual smoking is the most significant threat to the world's population today. Smoking causes 30% of deaths between the ages of 35 and 69. Cigarettes and tobacco products cause significant economic losses in society when the high cost of medical treatments for illnesses such as cancer and related maladies are taken into consideration, as well as consumer expenditures for the products themselves. It reduces workforce capacity by causing premature deaths and, therefore, impacts the economy at the individual and social levels (2) . Passive smokers are people who are exposed to cigarette smoke although they do not smoke directly; they are as negatively affected by cigarette smoke as active smokers. Malondialdehyde (MDA) levels, which are an indicator of lipid peroxidation, were evaluated in this study.
Free radicals are produced continuously in the body as a result of various chemical activities. The degree of cell damage caused by free radicals is dependent upon the effectiveness of defense systems within the cell (3). Therefore, endogenous systems in the body have developed free radical preventative and scavenger features. In the case where the sensitive balance of oxidants and antioxidants moves toward oxidants, oxidative damage occurs (4). Since free radicals are potentially toxic, organisms have developed defense systems to eliminate them. These are called antioxidants (5) . Cells inactivate enzymes, the peroxides of which are called the antioxidant defense system, and synthesize proteins that attract transition metals and scavenge free radicals, thus preventing the generation of free radicals and thereby limiting the damage caused by free radicals (6) .
MDA, as the final product of lipid peroxidation, is a chemically active molecule and may have harmful effects, particularly on proteins at the molecular level, by being diffused easily in surrounding cells and tissues (7) . MDA is a lipid peroxidation product that can be determined by thiobarbituric acid (TBA). Since other substances, such as bilirubin, react with TBA, this lipid peroxidation level is expressed as thiobarbituric acid reactive substances (TBARS) (8) . Lipid peroxides produced as a result of lipid peroxidation are unstable structures and prone to secondary or tertiary reactions. One of the techniques to measure lipid peroxidation is the TBA test (9) . This method is the most common and the easiest spectrophotometer method used for the measurement of lipid peroxide levels. MDA reacts with 2 molecules of TBA and creates a pink complex at 532 nm (10) .
There are many organs and tissues damaged by free radicals produced by substances contained in cigarette smoke or through the biotransformation of these substances. In light of this information, a study of this effect as observed in smokers is important in order to determine their exposure to free radicals and the damage they cause (11) . The risk of lung cancer in smokers is 4-10 times higher than in nonsmokers; this figure is 15-30 times greater for heavy smokers. Retrospective studies carried out in the United States, England, and Canada showed that lung cancer risk increases proportionally with the number of cigarettes smoked (12) . Each year 35,000 deaths in Turkey can be attributed to illnesses related to the use of tobacco products (13) .
The purpose of this study was to measure the MDA levels in the saliva fluids of active smokers and people exposed to cigarette smoke in their environment (passive smokers) and to then determine the degree of oxidative damage that developed due to cigarette smoke. There is abundant research showing that plasma lipid peroxidation increases in smokers. However, the current research was carried out due to insufficient prior research evaluating saliva MDA levels.
Materials and methods

Study groups
Saliva samples were taken from 60 individuals forming 3 study groups. The nonsmoking group was defined as group 1 (control group); the passive smoking group was defined as group 2; and the group of active smokers, who consume at least 20 cigarettes a day, was defined as group 3. The individuals who gave saliva samples were all healthy males between the ages of 20 and 45 and not using medicine regularly, and those in group 3 had been smoking cigarettes for at least 1 year.
The people who gave saliva samples rinsed their mouth with water prior to the collection of saliva samples and samples were placed in test tubes, where they were held for up to 5 min. Collected samples were kept at −20 °C until the analysis.
Laboratory measurements (determination of MDA level)
Samples taken to measure MDA values in saliva fluid were processed with TBA and boiled for 30 min, and then were spectrophotometrically scanned at 532 nm. This method is based on dual boiling. In the initial heating, proteins were precipitated by being freed from bound MDA; in the second heating, total MDA entered into a reaction with TBA to create a colored complex in a hot and acidic environment. The concentration of MDA is calculated in direct proportion to the absorbance delivered by the color complex at 532 nm generated by MDA (14, 15) . In this analysis, 10% trichloroacetic solution (TCA; Ateks) and 0.675% TBA solution (Merck) were used.
Next, 2.5 mL of TCA (10%) was put in control and sample tubes. Sample tubes received 0.5 mL of saliva, while control tubes received 0.5 mL of distilled water. Tubes were placed in a hot water bath filled with preheated water at 90 °C for 15 min after covering their tops tightly. Tubes were taken out of the water bath upon completion of the waiting period and cooled under running tap water. They were subjected to centrifugation for 10 min at 3000 rpm. A 2-mL sample from the supernatant on the top of each was introduced to other empty tubes. One milliliter of TBA solution (0.675%) was added to those tubes and they were similarly placed in a hot water bath at 90 °C for 15 min after covering their tops tightly. Tubes were taken out of the water bath upon completion of the waiting period and cooled under running tap water. Absorbance of the sample was measured by spectrophotometer at 532 nm against the blind samples.
In the calculations, net absorbency was found by subtracting the absorbance of the blank from the absorbance of the sample. MDA concentrations were calculated in nmol/mL by taking into account the molar extinction coefficient of the TBA-MDA complex at 532 nm, i.e. 1.56 × 10 5 M -1 cm -1 , and by taking the dilution factor into consideration.
Statistical analysis
Statistical analysis of data was carried out with SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was performed to examine the distribution of our data when comparing the values between groups, and MannWhitney U and Kruskal-Wallis tests were performed in an appropriate way. Significance level was accepted as P < 0.05. All data values are given as the mean ± standard deviation.
Results
In this study, MDA levels as an indicator of lipid peroxidation were measured in saliva samples taken from active smokers, from passive smokers, and from nonsmokers (control); the results obtained were compared to the control group. In paired comparisons, a statistical increase at the P < 0.05 level was observed in MDA levels in parallel with the increase of smoking when comparing passive smokers with the control group, active smokers with the control group, and passive smokers with active smokers.
In the Figure, the MDA values of the groups are specified. It was determined that the MDA levels of the nonsmoking group were lower than those of the other groups (P < 0.05).
Discussion
It is known that cigarette and other tobacco products have extremely harmful effects on human health. It is not possible to cease production and consumption of tobacco and tobacco products. However, informing society through scientific studies can be helpful for human betterment. Therefore, the results of scientific studies with regard to the effects of cigarette smoking and the increasing threat to public health are important. Since the change in biochemical parameters measured in the study pertaining to several diseases (primarily various cancers and cardiovascular diseases) is significant, the results of our study will be useful for evaluating the effects of smoking on public health.
Cigarette smoke inhaled with normal respiration may impair the oxidant/antioxidant balance in the organism and cause the generation of free radicals (16) . Free radicals in cigarette smoke or stimulated by smoking cause oxidative damage and may initiate the breakdown of lipids contained in the cell membrane (17, 18) . MDA, as the final product of lipid peroxidation, is a chemically active molecule and may have harmful effects, particularly on proteins at the molecular level, by being diffused easily in surrounding cells and tissues (19, 20) . It was reported that MDA levels measured in blood samples taken from rabbits exposed to cigarette smoke (for studying the effects of smoking on MDA levels) were higher than in the control group; smoking accelerates the production of free radicals and causes oxidative cell damage (21) . It was also reported that the quantity of the smoking causes oxidative damage in smokers and leads to an increase in the MDA level, and thus increases the risk of coronary artery disease (22) .
Guentsch et al. (23) and Akalın et al. (24) reported that MDA levels increased in the saliva of smokers versus nonsmokers and these findings were in concordance with those reported by some previous studies in venous blood erythrocyte/serum/plasma (22, (25) (26) (27) . Our findings support these results.
In conclusion, it was observed that lipid peroxidation, which is an indicator of oxidative stress, and MDA levels, which are a product of this reaction chain, are significantly higher in individuals who smoke. A high rate of this level in passive smokers indicates that smoking also affects nonsmokers negatively. This condition shows that the prohibition of smoking indoors is not sufficient. Therefore, it emphasizes that smoking outdoors where people are present should be prohibited and it is required that smoking shall be avoided in any environment where people younger than 18 years are present. Laws regulating the environments for smoking should be considered again and required regulations should be applied. . *: Salivary MDA levels in smokers were found to be significantly higher compared to the control group and the group of passive smokers (P < 0.05).
